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EFFECT OF INOCULATION AND LIME ON THE YIELD AND ON 
THE AMOUNT OF NITROGEN IN SOYBEANS 
ON ACID SOIL! 


E. B. FRED AND E. J. GRAUL 
Departments of Agricultural Bacteriology and of Soils, University of Wisconsin 


Received for publication June 30, 1919 


In many parts of this state the soil is so low in calcium carbonate that the 
growth of alfalfa, or even clover, is almost a total failure (2). If the organic 
matter and nitrogen supply of these acid soils is to be maintained or increased, 
it is essential that leguminous crops be grown. Fortunately, there are certain 
legumes which are more tolerant of soil acidity than alfalfa and clover. Chief 
among these plants which may be of value in Wisconsin are soybeans, vetch, 
serradella and lupines. 

As a soil builder the soybean has few equals. If grown in company with 
the nitrogen-fixing bacteria of the roots, this plant will absorb large amounts 
of nitrogen from the air. In other words, soybeans through the efforts of 
the bacteria, feed heavily upon the air nitrogen instead of upon the soil nitro- 
gen (1). For the farmer on the light soils this property of the soybean is of 
great value. In the state of Wisconsin it is particularly important that soy- 
beans be given a fair trial since it has been shown repeatedly that this plant 
will thrive in a soil which is moderately acid. 

Several tests have been carried out with these crops on soils of varying re- 
action. The results of the work with soybeans are reported in this paper. 
In order to avoid confusion the technical information is given in simplified 
form. 

The experiments reported in this paper were planned to study the influence 
that additions of limestone with and without inoculation with nodule bacteria 
exert upon the yield and composition of soybeans. In connection with this 
work the changes in the nitrogen supply of the soil were studied carefully. 

Tests were carried out with soybeans on two important soil types—Plain- 
field sand and Colby silt loam. The results of both pot and field tests are 
included in this paper. In one pot test it was possible to make a complete 
nitrogen balance, i.e., to determine the amount of nitrogen in the soil at the 
beginning, and at the end, the amount in the crops, in the planted seed, and 
in the added water. 


1 Published with the permission of the Director of the Wisconsin Agricultural Experiment 
Station. 
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The sand soils were collected at Sparta and at Hancock, and the silt loam 
soils were collected at the Marshfield substation and at Curtiss. These soil 
samples were shipped to the laboratory where they were sieved and potted 
into 2- and 4-gallon glazed jars. In certain of the experiments, the results 
of the pot tests have been calculated in terms of pounds per acre. It is diffi- 
cult to obtain a fair figure, and yet it has been shown repeatedly that pot 
tests, when properly controlled, give a true index of the nature of certain 
processes of the soil. For this calculation 1 gm. of plant tissue, or of nitrogen, 
to each jar of 10} inches in diameter corresponds to 1 pound to each square 
rod or 160 pounds to each acre. 

The fact that soybeans contain larger amounts of nitrogen than nearly 
any other plant, renders them especially valuable for forage. Moreover, it 
is well known that the greater part of this nitrogen is, or should be, obtained 
from the atmosphere. Thus, the ground on which soybeans are grown, in- 
stead of being impoverished, is actually enriched by the nitrogen residue. 
The experiments upon soybeans which have been carried on for many years 
at this and other agricultural experiment stations show that soybeans fre- 
quently grow well on soils which are moderately acid. In fact, they will 
often thrive on soils that are too acid to permit the growth of a profitable 
crop of red clover. 

The authors have not found any evidence to support the statement that 
has been made repeatedly that tubercles in acid soils have little power to 


gather nitrogen from the air. Undoubtedly, an acid-reacting soil is injurious 
to the growth of many of the legume bacteria. However, when the bacteria 
have once gained entrance, and have formed nodules, the soil acidity has 
little if any effect on the extent to which nitrogen is drawn from the air. 


SOYBEANS ON SPARTA SAND 


In the spring of 1915 twelve large jars, each containing 19,150 gm. of Sparta 
sand, were planted to mammoth red clover. Aside from the lime treatments, 
all of the jars were given a liberal amount of phosphorous and potassium 
in order that the lack of these elements would not limit crop growth. From 
these jars three cuttings were made. The benefits from lime and from nitro- 
gen-gathering bacteria on the yield and amount of nitrogen in clover cannot 
be questioned. Lime at the rate of 3.2 tons per acre, enough to neutralize 
only half of the soil acidity, increased the growth of red clover more than 50 
per cent, as is shown in table 1. 

A summary of the results of the clover crop are shown in table 1. 

Twenty-six hundredths of a gram of lime to 100 gm. of soil is equal to 3.2 
tons per acre, or one-half enough to neutralize all of the active soil acids. 
Correspondingly, 0.52 gm. is equal to 6.5 tons, or enough to neutralize all of 
the active soil acids. 
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EFFECT OF INOCULATION AND LIME ON SOYBEANS 


TABLE 1 
Effect of inoculation and of lime on clover 


LIME ADDED | TOTAL DRY 
NUMBER TREATMENT To 100 GM. | WEIGHT OF |TOTAL NITROGEN IN TOPS 
OF SOIL TOPS 

gm. gm. mgm. per cent 


Although red clover has been grown for many years on this soil type it 
appears that the soil is not thoroughly infected with the nodule organisms. 
In every case the jars to which the bacteria were added showed a gain in dry 
matter and in total nitrogen. Possibly the legume bacteria present in these 
soils are not so active as the bacteria added in the inoculum. 


¢ LIME ADDED | TOTAL DRY 
f NUMBER TREATMENT TO 100 GM. | WEIGHT OF | TOTAL NITROGEN IN TOPS 
OF SOIL TOPS* 
a gm. gm. mgm. per cent 
4 TLE 0.26 54.7 1898 .2 3.47 


TABLE 2 


Effect of inoculation and of lime on soybeans 


* Two crops. 


In the spring of 1916, without further treatment this Sparta sand was 
planted to soybeans. The young seedlings were inoculated with a pure cul- 
ture of bacteria isolated from a soybean nodule. The soybeans made only a 
fair growth. The plants were cut, and the roots examined for nodules. The 
inoculated roots showed an abundance of nodules, except in jar 2, the un- 
limed sand. Here only a few nodules were found. Since the culture used 
for the inoculation undoubtedly contained millions of active nodule bacteria, 
it is strange that nodules were not found on the roots of these plants. Per- 
haps the acid reaction of the soil so injured the bacteria that they were unable 
to enter the host plant. 

The roots of the first soybean crop were returned to the soil and the sand 
replanted to soybeans. Inoculation was repeated. The second crop made a 
luxuriant growth. The plants were more than 3 feet tall when harvested. 
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In every case the inoculated plants were of a deeper green color than the un- 
inoculated plants. The roots were examined for nodules and returned to 
the soil. All of the plants in the uninoculated soil were free of nodules while 
the roots in the inoculated soil were thickly studded with nodules. A sum- 
mary of the results of this study is given in table 2. Unless stated otherwise, 
the figures represent the average of two or three jars. In many cases two or 
three crops were grown in each jar. 

The inoculated plants showed a gain in dry matter of 7.6 gm., or 24.2 per 
cent increase as compared with the uninoculated plants. Where lime and 
inoculation were used together the increase was 23.4 gm. of dry matter, or 
74.7 percent. It is of particular interest to note the effect of varying amounts 
of lime. Lime sufficient to neutralize one-half of the soil acidity gave the 
best results. 

Besides this gain in dry matter, the inoculated plants contained a higher 
percentage of nitrogen. Here, as in many other tests, the benefit from the 
inoculation of soybeans is more noticeable in the gain in nitrogen than in 
increased crop yield. 


SOYBEANS ON HANCOCK SAND 


This soil was secured from the Hancock substation. The field from which 
the soil was secured had been cropped for a number of years without the ad- 
dition of any fertilizer. Consequently, the soil was in a poor state of fertility. 
It is not known definitely, but it is improbable that soybeans had ever been 
grown on this soil. The results of the experiments support this statement. 
The soil is a light brown sand with little organic matter, and is decidedly 
acid in reaction. Since this sand is very low in phosphorus and potassium, 
an application of 0.25 gm. of dibasic potassium phosphate (K2HPO,) per 
kilogram of dry soil was made. 

According to the results of acidity tests, this sand would require 2.575 
tons of calcium carbonate to neutralize the acid in one acre of 2,500,000 pounds. 
In the experiments that follow it was arranged to study the effect of different 
amounts of lime on soybeans. Three amounts of calcium carbonate were 
used: (a) 0.105 gm. to each 100 gm. of sand (sufficient to neutralize one-half 
of the active soil acidity), (b) 0.210 gm. to each 100 gm. (sufficient to neutral- 
ize all of the active acidity), and (c) 0.315 gm. to each 100 gm. (one and one- 
half times the amount required to neutralize the active acidity). 

The sand was put into 2-gallon jars, 10,940 gm. to each jar, and water 
added to bring the soil to 60 per cent of saturation. As far as possible the 
soil moisture was maintained at this point. 

On June 24 the jars were planted to Wisconsin Black soybeans. Before 
planting, the seeds were treated with warm mercuric chloride solution to 
remove any nodule bacteria. As soon as the young seedlings appeared, the 
soil was inoculated with a pure culture of the soybean bacteria. The roots 
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of the plants were examined from time to time by carefully washing away 
a small amount of sand from one of the plants. Although this is by no means 
an accurate test, it furnishes information concerning the approximate date 
of inoculation. Eighteen days afterward, the inoculated plants showed pro- 
fuse nodule formation, but no apparent difference from the uninoculated in 
growth. However, one week later the inoculated plants were somewhat 
deeper green in color than the uninoculated, and slightly larger. The soy- 
beans were cut August 20. The tops were saved for analysis, and the roots 


TABLE 3 
Effect of inoculation and of lime on soybeans 
LIME ADDED | TOTAL DRY 
NUMBER TREATMENT TO 100 GM. | WEIGHT OF | TOTAL NITROGEN IN TOPS 
OF SOIL TOPS 
gm. gm. mgm. per cent 
2 0 20.0 639 .3 3.20 
3 0.105 14.0 235.4 1.68 
6 0.210 18.1 599 .3 3.31 
8 0.315 14.2 448.7 3.16 
TABLE 4 
Effect of inoculation and of lime on yield and on composition of soybeans 
DRY WEIGHT PER ACRE| NITROGEN PER ACRE 
LIME 
NUMBER TREATMENT ADDED PER Increase Increase 
ee Total due to Total due to 
treatment treatment 
Ibs. lbs. Ibs. Ibs. Ibs. 
3 2625 | 3612.0 | 1315.8 60.7 250 
4 2625 | 5598.6 | 3302.4} 186.1} 151.1 
6 LE, 5250 | 4669.8 | 2373.6} 154.6} 119.6 
7 Wninoculateds 7875 | 3586.2 | 1290.0] 66.3 
8 7875 | 3663.6 | 1367.4} 115.8 80.8 


were examined. The roots from the uninoculated soil were entirely free 
from nodules while from inoculated soils the roots were thickly studded with 
large and small nodules. All of the root tissue was returned to the soil. 

On March 1 the following spring, the jars were replanted to soybeans. This 
second crop made only a fair growth. As in the case of the preceding crop, 
the plant stems and leaves were removed for analysis, and the roots returned 
to the soil. Before planting the third crop 0.2 gm. of dibasic sodium phos- 
phate (NazHPO,) to each kilogram. of soil was added to each jar. On June 
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2 soybeans were sown and the soil re-inoculated with soybean bacteria. The 
plants grew better than any of the preceding crops. Three weeks after seed- 
ing, the inoculated plants were clearly marked by a deep green color. The 
uninoculated control remained yellow, while the plants from the limed jars 
exhibited a green color somewhat lighter in shade than the plants from the 
inoculated jars. This third and best crop of soybeans was cut July 25, and 
the tops saved for analysis. On examination of the roots it was found that 
the uninoculated control jars were free from nodules. The uninoculated and 
limed soils showed very few if any nodules; whereas the inoculated soils showed 
an abundance of nodules. The results of this study involved a great number 
of analyses and considerable data. Obviously, it is preferable to condense 
the results. Therefore, only the average values are here presented. 

Tables 3 and 4 give the results of the first crop yield and nitrogen content 
of soybeans grown under the four conditions: no inoculation and no lime, 
inoculation only, lime only, and inoculation plus lime. The lime was applied 
in three amounts. The figures of table 4 are the same as those of table 3 
except that they are calculated to the acre basis. It will be seen from the 
table that inoculation was far more effective than lime in promoting the 
growth of soybeans on Hancock sand; although lime alone caused an increase 
in the crop. It is true that lime and inoculation together gave the maximum 
yield; however, the difference is not great. The gain in the crop from lime 
alone is most pronounced in the case of the smallest application. Larger 
amounts of lime were favorable, but not in proportion. 

The determination of the total as well as of the percentage of nitrogen brings 
out some interesting points. Perhaps the most noteworthy fact is the enor- 
mous accumulation of nitrogen in the inoculated plants as compared with that 
in the uninoculated plants. Here, as in many other experiments, the influ- 
ence of inoculation on soybeans is noted chiefly in the greater nitrogen ac- 
cumulation, rather than in any marked gain in the yield of dry matter. The 
favorable influence of lime on total nitrogen may be accounted for by the 
increase in soluble nitrogenous compounds of the soil—a process which is 
well known. 

Turning now to the effect of inoculation on the percentage of nitrogen in 
the crop, the results are most striking. Inoculation alone more than doubled 
the percentage of nitrogen in soybeans. The application of lime had little 
effect. Table 5 gives the results of all three crops. The whole evidence 
points to the importance of having the proper bacteria growing with soybeans 
if the maximum amount of nitrogen and the largest yields are to be secured. 
In the absence of bacteria soybeans take large amounts of nitrogen from the 
soil. 

A study has been made of the source and the amount of nitrogen in soy- 
beans with and without nodule bacteria when grown under varying conditions 
of reaction. For this purpose a careful record has been kept of the amount 
of nitrogen added to the soil in the seed, and of the nitrogen removed in each 
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crop. Determinations of the total nitrogen in the soil at the beginning and 
at the end have been made. The results of these analyses are shown in table 
6. These figures represent three successive crops of soybeans on Hancock 


_sand. The results show clearly that nodule bacteria increase the total amount 


and the percentage of nitrogen in soybeans. In order to emphasize the nitro- 
gen nutrition of soybeans when grown alone and in company with bacteria, 
the figures of table 6 were used in drawing figure 1. Here the source of nitro- 
gen for soybeans can be seen at a glance. 
TABLE 5 
Effect of inoculation and of lime on soybeans 


LIME ADDED | TOTAL DRY 


NUMBER TREATMENT TO 100 GM. | WEIGHT OF | TOTAL NITROGEN IN TOPS* 
OF SOIL TOPS* 

gm. gm. mgm. per cent 
3 0.105 47.5 1292.0 2.70 
7 0.315 47.7 1213.2 2.54 
* Three crops. 

TABLE 6 
The source of nitrogen in soybeans 
AVERAGE TOTAL NITROGEN PER ACRE 
NUMBER Uni - 
Inoculated lated plus 

lbs. lbs, lbs. lbs. 
1 Sonat 1165.0 | 1165.0} 1165.0 | 1165.0 
2 1016.5 | 1034.6 | 1003.6 | 1042.3 
3 ATOM SONS 148.5 130.4 161.4 122.7 
4 Crops, leaves and stems.............. 139.3 453.9 333.2 Sttc7 
5 9.2 323.5 171.8 389.0 


From this diagram it will be seen that if the portion above ground of a well 
inoculated legume is removed there is an actual loss in total nitrogen. Al- 
though a large part of the nitrogen may be taken from the air, it is wrong to 
suppose that the crop, i.e., the tops, may be cut, removed, and yet the soil 
supply of nitrogen be maintained. The evidence obtained from many ex- 
periments does not in any way indicate that the roots of legumes excrete 
appreciable quantities of nitrogenous compounds. In farm practice the re- 
sult would be different; since the farmer would hardly remove all of the plant 
tissue, a certain portion would at least be returned to the land either as plant 
residue or as manure. 
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SOYBEANS ON COLBY SILT LOAM FROM MARSHFIELD 


In these tests the same methods were followed as previously outlined. In 
the spring of 1915 the jars of Colby silt loam soil were planted to red clover. 
This clover was cut three times and at each cutting the tops were removed 
for analysis, whereas the roots were allowed to remain in the soil. The yield 
of the clover in dry matter, and the amount of nitrogen as well as the per- 
centage of nitrogen, are shown in table 7. In general, inoculation failed to 


TABLE 7 
Effect of inoculation and of lime on red clover 
LIME ADDED] TOTAL DRY 
NUMBER TREATMENT TO 100 GM. | WEIGHT OF |TOTAL NITROGEN IN TOPS 
OF SOIL TOPS 

gm. gm. mgm. per cent 
2 0 $5.93 2034.7 3.66 

TABLE 8 


Effect of inoculation and of lime on soybeans 


LIME ADDED! TOTAL DRY 
NUMBER TREATMENT TO 100 GM. | WEIGHT OF |TOTAL NITROGEN IN TOPS 
OF SOIL TOPS 
gm. gm. mgm. per cent 
1 Jie 0 65.0 1822.6 2.81 
2 LES 0 61.0 2043 .9 3.35 
5 1:02 62.0 2007 .0 3.24 


increase the crop yield. Apparently Colby soil at Marshfield is well supplied 
with active clover bacteria. Lime alone caused a slight stimulation in growth 
of clover. The results show that this soil type may be decidedly acid and 
yet produce a good crop of red clover. 

The following year, March 13, 1916, these jars were planted to Wisconsin 
Black soybeans. Four days later the inoculated jars of soil were treated with 
a water suspension of soybean bacteria. The plants made a good growth, 
but without any apparent difference between the uninoculated and the inocu- 
lated jars. On May 10 this first crop of soybeans was cut. The tops were 
saved for analysis, whereas the roots were examined for nodules and returned 
to the soil. The roots of the uninoculated plants were free of nodules while 
the inoculated were thoroughly infected. A second crop was planted May 20, 
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and the inoculated jars of soil again seeded with soybean bacteria. The 
plants grew rapidly and a large yield was obtained. Unfortunately, the 
uninoculated jars of soil became slightly inoculated. 

A summary of the results of the nitrogen determinations as well as dry 
weight of the two crops is shown in table 8. The data of this table deserve 
careful consideration. Inoculation did not cause any decided change in the 
yield of soybeans, but it did bring about a marked increase in the nitrogen 
content of the plant tissue. In every case, the nitrogen-gathering bacteria 
brought about a gain in the total amount and in the percentage of nitrogen 
in the crops. Lime and inoculation favored the growth of the soybeans, and 
to a slight degree, the fixation of nitrogen. 


SOYBEANS ON COLBY SILT LOAM FROM CURTISS 


For more than forty years this soil at Curtiss had been cropped and no 
commercial fertilizer or lime returned. To 13,688 gm. per jar of this cropped 
soil, sodium phosphate and calcium carbonate were added as indicated in 
table 9. One hundred grams of this soil required 0.848 gm. of limestone to 


TABLE 9 
Effect of inoculation, of lime, and of phosphorus on soybeans 


ADDED TO 100 cm. 
OF TOPS 
Lime | Na:HPO, 

gm. gm. gm. mgm. per cent 
0 0 33.28 | 592.8] 1.78 
0 0 32.01 | 780.3 | 2.44 
0 0.0219 | 36.86 | 1063.8 | 2.89 
0.212 | 0.0219 | 37.76} 674.0} 1.78 
0.212 | 0.0219 | 38.19 | 1138.0} 2.98 
0.424 | 0.0219 | 40.88 | 805.4] 1.97 
0.424 | 0.0219 | 39.58 | 1284.7 | 3.25 
0.848 | 0.0219 | 39.27 | 1223.2 | 3.11 
0.848 | 0.0219 | 42.38 | 1473.4 | 3.47 


neutralize its acidity. The data of this experiment are given in the figures 
of summary table 9. Examination of the plant roots from uninoculated jars 
of soil showed the absence of nodules, while roots in inoculated jars of soil 
were well covered with nodules. It will be seen from the figures of the table 
that inoculation alone did not increase the crop yield. Apparently, small 
amounts of lime and phosphorus coupled with inoculation favored plant 
growth, and gave the most profitable yield. 

Turning to the results of the nitrogen analyses, the effect of inoculation 
is brought out in a very striking way. In every case inoculation increased 
the amounts of nitrogen in the plant tissue. It is also true that the addition 
of lime was favorable to an increased nitrogen content of the soybean seed. 
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SOYBEANS AT THE MARSHFIELD SUBSTATION 


A series of plats were planted to Wisconsin Black soybeans as shown in 
the plan of table 10. No attempt was made to add the limestone on the 
basis of acid present in the soil. Instead the lime was applied in varying 
amounts from 1 to 8 tons per acre. Approximately 8.5 tons of lime were 
required to neutralize all of- the soil acids present. The plats were ;5 of an 
acre in size and were arranged so as to have a control plat near one end of the 
group, and another near the middle of the group. Duplicate plats were 
used for each test. 

When the plants were a few weeks old, tubercles were found in great num- 
bers on the plants from the inoculated soils, while plants from the uninocu- 
lated soils showed only an occasional nodule. One of the control plats became 


TABLE 10 


Effect of inoculation and of lime on soybeans* 


DRY WEIGHT OF TOTAL NITROGEN NITRO- 
LIME TOPS DRY | OF TOPS TOTAL GEN OF | virgo. 
ACRE With |Without| seeps | With |Without] sEEps RE- 
seeds | seeds seeds | seeds MOVED 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. | per cent\per centt 
1 Uninoculated.. . 3172 .0|2795.8] 376.2) 75.2 | 45.8 | 28.4 | 1.64 | 7.54 
2 | Inoculated..... 3294 4/2899 8} 394.6} 80.5 | 51.6 | 28.9 | 1.78 | 7.33 
3 Uninoculated...} 2,000 |2756.2/2352.1| 404.1) 62.3 | 33.1 | 29.2 | 1.42 | 7.21 
4 Inoculated... ..| 2,000 |3450.6/2986.2) 464.4) 89.1 | 54.5 | 34.6 | 1.86 | 7.49 
3 Uninoculated...| 6,000 |2693.2/2411.1} 282.1) 53.2 | 32.5 | 20.7 | 1.36 | 7.45 
6 | Inoculated.....} 6,000 |3702.6/3303.9) 398.7) 91.2 | 61.5 | 29.7 | 1.86 | 7.44 
7 Uninoculated.. .| 16,000 |3424.0/2990.2) 433.8) 75.8 | 43.0 | 32.8 | 1.45 | 7.52 
8 Inoculated... . .| 16,000 |3955 .4|3460.9} 494.5) 99.9 | 63.3 | 36.5 | 1.83 | 7.39 
* Acre basis. 


t Average percentage. 


infected to a considerable degree, but it is not surprising that the uninoculated 
plats became slightly infected when we consider that there were heavy rains, 
and that the plats were level. The influence of the soil treatment is well 
illustrated from the results presented in table 10. Inoculation alone, and 
inoculation with the addition of lime stimulated the growth of soybeans. 
Far more important than the difference in yield is the increase in nitrogen 
of the inoculated plants. Here, as in previous experiments, the tops of the 
plants inoculated with nitrogen-gathering bacteria gave a higher percentage 
of nitrogen than the tops of the uninoculated plants. The nitrogen-fixing 
bacteria also increased the dry weight of the seeds, and the total nitrogen 
content of the seed, but apparently did not increase the percentage of nitro- 
gen in the seeds. 

Concerning the effect of lime, it appears that between 1 and 3 tons to each 
acre gives the most profitable returns. Larger quantities, such as 8 tons to 
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the acre, failed to cause any marked change in the yield. From these and 
from other similar experiments it is concluded that soybeans should be inocu- 
lated when first seeded, and as a rule, they should be grown a second time 
on the same land. 


SOYBEANS AT CURTISS 


In the spring of 1917, twenty plots were arranged on cropped Colby silt 
loam and on May 10 planted to Wisconsin Black soybeans. The plots were 
rz acre in size. The summer was very dry, and an early frost damaged the 
crop severely. It was harvested September 1, and samples were drawn for 
analysis. The treatments of the different plots, together with the crop yields 
and nitrogen content, are recorded in table 11. Here as in many other field 
and pot experiments there is but little increase in the crop production on the 
addition of nitrogen-fixing bacteria to such soils. 


TABLE 11 
Effect of inoculation and of lime on soybeans* 


BONE MEAL! LIME | TOTAL DRY 
ADDED |ADDED PER| WEIGHT 
PER ACRE ACRE OF TOPS 
lbs. lbs. 
2622.9 
2425.1 
2496.0 
2452.2 
2417.5 
2749.7 
2796.5 
2875.0 
2736.1 
2943.0 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


* Acre basis. 


It is noteworthy that in every test the percentage of protein in the tops 

was higher in the case of the nodule-bearing plants than with the plants free 
of nodules. Although the absence of the nodule bacteria renders it impossible 
for the soybean plant to utilize the nitrogen of the air, the effect is not always 
apparent. In parts of Wisconsin, soybeans will produce large crops in the 
absence of the nodule bacteria, but in such cases, the entire nitrogen supply 
of the plant is taken from the soil. 
_ Inoculation of soybeans grown on Sparta sand increased the yield of dry 
matter. The yield was further increased when inoculation was supplemented 
by an application of lime. Sufficient lime to neutralize one-half of the active 
soil acidity was sufficient to produce maximum yields. The percentage of 
nitrogen in the crop and the total amount was increased by inoculation. 


83.2 | 3.17 
Uninoculated 83.0] 3.33 
| 81.0] 3.36 
| 95.8} 3.53 
96.3 | 3.43 4 
| 107.8 | 3.69 
SUMMARY 
: 


— 
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EFFECT OF INOCULATION AND LIME ON SOYBEANS 


The crops grown on the sand from Hancock yielded better when inoculated 
than when uninoculated. In fact, inoculation was more effective in increas- 

ing the yield than was lime. Lime in small amounts and inoculation together 

produced the best yields. 

The nitrogen content of those crops which were inoculated was considerably 
higher than that of the uninoculated crops. When the crops are not inocu- 
lated all of the nitrogen is drawn from the soil, but when the proper bacteria 
are present a large proportion of the protein nitrogen is drawn from the air. 

When the entire crop is removed from the soil, leaving only the roots and 
stubble, there will be less nitrogen in the soil than there was before the crop 
was grown, but if the crop is turned under as a green manure, if properly inocu- 
lated, it will add large quantities of nitrogen to the soil. 

Inoculation was not as effective on the Colby silt loam as on the sandy 
soils in increasing yields, but influenced the percentage of nitrogen, and con- 
sequently the total amount in the crop. 

Soybeans if properly inoculated will utilize nitrogen from the air and thus 
enrich the soil, provided the crop residue is returned to the soil. It is not 
necessary to plow the crop under if the crop is fed on the farm. The manure 
can be returned to the soil, and in this way be utilized in the improvement of 
the land. Small additions of limestone to acid soils render the inoculated 
soybean plant more active in absorbing air nitrogen. 
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SOIL ACIDITY: Il. ITS RELATION TO THE ACIDITY OF THE 
PLANT JUICE! 
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Depariment of Soils, Agricultural Experiment Station, University of Wisconsin 


Received for publication July 3, 1919 


In the first paper (7) of this series the general relation of soil acidity to plant 
growth was discussed. It was stated, with certain reservations, that the main 
specific harmful influence of soil acidity on certain plants is that it prevents 
these plants from securing at a sufficiently rapid rate the calcium as the car- 
bonate or bi-carbonate which is needed to neutralize and precipitate certain 
acids in the plants themselves, which are probably largely by-products pro- 
duced as the result of certain vital reactions in the growth of plants. If 
calcium in these forms is not furnished at a sufficiently rapid rate, then the 
rate of these reactions is lowered accordingly, as is also the rate of plant 
growth. If this is the case, then it seems that the juice of at least some plants 
growing on acid soils should be slightly more acid than that of plants growing 
on non-acid, or limed acid soils. That this condition usually holds was briefly 
stated in the first paper. The data previously referred to relating to this 
phase of the subject are given in this paper. 

Except where otherwise stated, the plants were grown in 2-gallon pots in 
the greenhouse on limed and unlimed medium, to strongly acid, soils. In 
the limed series, crushed limestone was added, according to the acidity, in 
amounts equivalent to common field applications. The determinations on 
the corn plants were made when the plants were about 15 inches high. The 
other plants were used shortly before blooming. 

With three exceptions, later given, the juice was secured as follows: The 
plants were cut within several inches of the ground and thoroughly macerated 
by passing them through a tinned meat grinder. The juice was then expressed 
with a press. In most cases before making the determination the juice was 
centrifuged about 5 minutes to remove coarse material in suspension. This 
was found more satisfactory than filtration. The determinations were then 
made immediately on this juice without the addition of water. 

In three cases of alfalfa—(a), (b) and (c), table 1, the juice was obtained 
in a different manner from that just explained. In the cases of (a) and (b) 
10 gm. of the plant tops were thoroughly macerated and then worked up 
with 100 cc. of water and filtered. The filtered extract was then used. In 


1 Published with the permission of the director of the Wisconsin Agricultural Experi- 
ment Station. 
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the case of (c), 15 gm. of the tops were macerated with 10 gm. of quartz, and 
the juice pressed out. Of this juice 5 cc. were diluted with 50 cc. of water, 
and the determination made on this. These three determinations were made 
in 1916 with the assistance of N. E. Loomis. 


The determinations of the acidity,? or hydrogen-ion concentrations, were. 


made electrometrically at 25°C. with an apparatus slightly modified from 
that described by Loomis (4) and Acree. The results, or acidity, are expressed 
in terms of the P,, symbol of Sorensen. Corrections were made for pressure 
and variations of the calomel electrode as suggested by Loomis (5) and Acree. 


TABLE 1 


The acidity in terms of hydrogen-ion concentration of the juice of plants (tops) grown on unlimed 
and limed acid soils 


Py VALUE OF THE JUICE 
KIND OF PLANT 


Unlimed acid soil Limed acid soil 


Alfalfa, Medicago sativa (b)..............0cecceeeeee 5.79 5.88 


Alfalia: Bfedicago sattea (d)« 5.61 5.67 
Clover, Trifolium pratense (a)............00ceeeeeeee 5.69 
5.54 


Lupine blue, Lupinus hirsitus (a)............. ere : 5.45 
Lupine blue, Lupinus hirsitus (b)....... 5.65 5.45 
Buckwheat, Fagopyrum esculentum.............060045 4.02 4.05 


In table 1 the results of the limed and unlimed series are given. In 12 
cases out of 16 the plant juices are more acid on the unlimed series. Only 
in 2 cases out of 6 with alfalfa and in the case of lupine are the results reversed. 
The blue lupine is sometimes injured by liming; and hence an important ques- 
tion is raised whether or not certain injuries result in an increase in acidity. 
In the two reversed cases of alfalfa (e), and (f), the differences are quite small 
and it is possible that the reversed results may be due to small differences 
which existed in moisture supply, time of day plants were cut, and way in 
which juice was handled, although some attempt was made to make these 
conditions uniform. It is to be noted that the acidity of both the limed and 
unlimed alfalfa in these cases is quite high for alfalfa, and that evidently 
even in the limed series the plants were not getting sufficient lime. 


2 In this paper acidity and hydrogen-ion concentration are used synonymously. 
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The results given in table 2 emphasize this point. The alfalfa from which 
the results of table 2 were obtained was grown out-of-doors on a rich neutral 
soil, and the acidity of the plant juice is much less than in the two reversed 
cases. 

The data in table 2 were obtained in studying the effect of various conditions 
of determination indicated in the table, on the acidity of the plant juice. 
Number 2 is considerably more acid than number 1, indicating that the ex- 
pressed juice becomes more acid on standing. The values obtained in numbers 
1 and 3 while the weather was warm and dry indicate a slightly higher acidity 
than the comparable values in numbers 4 and 7 obtained after a heavy rain. 


TABLE 2 


Effect of various conditions of determination on the acidity in terms of hydrogen-ion concentration 
of alfalfa (tops) juice 


CONDITIONS OF DETERMINATION 

5 h Py 
3 pressed made 
1 | May 18} Clear, warm, dry 6.00a.m. | 8.00a.m. 8.30a.m. | 5.97 
2 | May 18} Clear, warm, dry 6.00 a.m. 8.00 a.m. 5.12 p.m. | 5.86 
3 | May 18| Clear, warm, dry 2.00 p.m. 2.30 p.m. 3.45 p.m. | 6.00 
4 | May 19| Heavy rain previous night, 

warm 8.00am. | 8.30am. | 9.45 a.m. | 6.04 
5 | May 19| Heavy rain previous night, 

warm 8.00am 10.30a.m. | 10.59 a.m. | 6.05 
6 | May 19| Heavy rain previous night, 

warm 8.00 a.m. 1.00 p.m. 1.40p.m. | 6.18 
7 | May 19} Heavy rain previous night, 

warm | 2:45 pan. | 2.57 | 6:11 
8 | May 19| Heavy rain previous night, 

warm 2.30 p.m. 3.30 p.m. 4.00 p.m. | 6.10 


A comparison of number 1 with number 3, and number 4 with number 7, 
shows that juice from plants cut in the morning is more acid than that from 
plants cut later in the day, indicating an accumulation of acids at night which 
were partly used up in the day time, due to diurnal changes in plant processes. 
A comparison of numbers 4, 5, and 6 indicates that when plants are cut and 
kept several hours before expressing the juice and making the determination, 
the acidity may become slightly less. 

These data in table 2 emphasize the importance of standardizing the con- 
ditions of making the determinations, especially when small differences are 
to be measured and used in a comparative way. In studying the effect of 
one factor, like liming, on the acidity of plant juice, other factors like moist- 
ure supply, time of day material is cut, and methods of handling the juice, 
must be made uniform. It appears that after a plant is cut, and especially 
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after the juice is expressed, the determination should be made as quickly 
as possible. 

Another factor in this connection is the question whether or not the roots 
and tops of the same plant are of the same acidity Three comparative sets 
of determinations were made, and are given in table 3. In two cases the 
roots are slightly more acid than the tops and in the third case the tops are 
more acid. In this latter case, which is with alfalfa, the plants were grown 
in pots on a strongly acid soil, and the acidity of both the tops and roots is 
high for alfalfa, since an acidity of about P,. 6.0 is normal for alfalfa, as 
indicated by the other set of figures, and also those in table 2 in which cases 
the alfalfa was grown out-of-doors on a neutral soil. 


TABLE 3 


Acidity in terms of hydrogen-ion concentration of the juice of tops and roots 


Py VALUES OF THE JUICE 
KIND OF PLANT KIND OF SOIL 
Tops | Roots 
| Acid 5.61 5.72 


The clover was also grown in pots on an acid soil but the acidity found is 
not far from normal for clover. Apparently the roots are often more acid 
than the tops, although the reverse may also be the case. More determina- 
tions are needed to show how the different parts of the same plant vary in 
acidity. The results of Kappen (3) show a higher acidity in the tops than in 
the roots, both as regards actual and total acidity. 

The importance of a proper regulation of the acidity of plant juices or proto- 
plasm has been indicated by Kappen (3) who states that the plant juice acidity 
of each species of plant is specifically adapted to the physiological processes 
of that plant. The effect of acidity on plant enzyme action is emphasized 
by him. 

The importance of a proper actual plant acidity on oxidase activity has been 
pointed out by Reed (6) and Bunzell (1). Some unusually high acidities of 
plant tissues or protoplasm have been reported by Haas (2), who worked largely 
with fruits. These results indicate that some life processes go on normally 
in the presence of a high acidity. 

Kappen made acidity determinations by means of the gas chain, and also 
by titration of a considerable number of plant roots and some tops. It is 
in the green tops and in the leaves especially that the most active life proc- 
esses take place; and hence the determinations reported in this paper were 
made almost entirely on the tops. Kappen made one set of comparative 
determinations on limed and unlimed plant roots, and that was with the yel- 
low lupine. This was made to study the lime sensitiveness of the lupine. 
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He found the limed plant roots less acid than the unlimed. This is opposite 
to what the writers found in the tops of the blue lupine. 

A relation between plant juice acidity and disease conditions and immunity 
has been indicated by Wagner (8). Soil acidity, by affecting plant juice 
acidity, may have a relation to certain plant diseases. This phase of the 
subject deserves further investigation. 

SUMMARY 

There are considerable differences in the acidities of the juices of different 
species of plants. The acidity of each species of plant, while it may vary 
to an extent easily measurable, is however, usually limited to a rather narrow 
range. Undoubtedly for each species of plant there is a certain acidity which 
is most favorable for the life processes of that species. Unquestionably in 
many cases soil acidity, by limiting the supply of lime available for plants, 
affects the acidity of the juice or protoplasm of these plants. The importance 
of a proper regulation of plant acidity in relation to vital plant processes 
should be noted. 

In the life processes of plants, acids are formed, some of which are probably 
simple by-products. Lime and other bases are needed to neutralize these 
acids. Plants high in protein are usually high in lime and other bases indi- 
cating the formation of acids in protein synthesis. If the supply of lime and 
other bases is inadequate, the acidity of the plant juice rises to a certain ex- 
tent which is limited because the accumulation of acids probably decreases 
the rate of the processes which produce acids. A condition of self regulation 
thus probably exists and death due to over-acidity is prevented. Slow growth 
and a weakened condition, however, result as is the case with plants of high 
lime requirement growing on acid soils. 

In plants there are many “buffer” substances which to a certain extent 
help to maintain a more uniform acidity and prevent rapid and exeessive 
alterations, as would result especially from diurnal changes in plant processes. 
Bases are however usually needed in the formation of these “buffer” substances. 

There are many conditions which affect the acidity of the plant juice. 
Some of these conditions are indicated in this paper. Before final conclusions 
can be made regarding this subject, much more investigation is needed. The 
proper method of carrying on this investigation, and especially the technique 
of making the acidity determinations, needs to be standardized. An effort 
to do this is being made in this laboratory. 

The writers are indebted to Dr. S. F. Acree for valuable suggestions and the 
use of his gas chain apparatus. 
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The association of aldehydes with infertility in soils, the isolation of alde- 
hydes from the soil and their harmful effects on plant growth, both in water 
culture and in the soil, are subjects which in the past few years have engaged 
the attention of a number of workers, notably Schreiner, Reed, Shorey, 
Skinner, Sullivan, Noll, Davidson, Fraps, Upson and Powell, and Funchess.! 

Of particular interest to the question of the relation of aldehydes to soil 
infertility was the discovery that the aldehyde vanillin persists in some soils 
but does not persist in others. This appears to be due to the fact that the 
destruction of vanillin in the soil is chiefly a bacterial process (11). In some 
soils vanillin-destroying bacteria are present and the soil conditions are 
favorable for their action on vanillin, while in other soils either the suitable 
bacteria are absent or conditions are unfavorable for their destructive action 
on vanillin. A bacterium which uses vanillin with facility as an energy 
and carbon source, was isolated by one of us from Alabama soil (11). 

In the present paper studies are reported which show that in solution 
cultures consisting of pure inorganic salts and vanillin as the only source 
of carbon, vanillin is oxidized by this bacterium to vanillic acid and the 
vanillic acid formed is destroyed. By the use of colorimetric methods 
the formation of vanillic acid from vanillin and the destruction of the vanillic 

acid so formed has also been studied. 


THE IDENTIFICATION OF VANILLIC ACID AS A PRODUCT OF THE DECOM- 
POSITION OF VANILLIN BY A SOIL BACTERIUM 


Vanillic acid was identified as a product of the decomposition of vanillin 
by soil bacteria by extracting it with ether from a culture solution containing 
vanillin, in which a pure culture of vanillin-destroying bacteria had grown. 


1 For a summary and discussion of this work see Reference no. 12. 
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In a 2-liter flask, 250 cc. of a mineral nutrient solution? containing vanillin 
were placed. The flask and contents were sterilized at 15 pounds pressure 
for 15 minutes and inoculated with a pure culture of the bacterium referred 
to above. The flask was incubated at 25-30°C., until the testing of a small 
portion of its contents by the acid nitrate of mercury reagent described by 
Estes (2) showed the presence of little or no vanillin while the phenol reagent 
described by Folin and Denis (3, 4) gave a strong reaction. This usually 
required from 4 to 5 days’ incubation. An ether extract of the contents of 
the flask at this time yielded a whitish crystalline material consisting almost 

-entirely of vanillic acid. 

The identity of this decomposition product with vanillic acid was 
demonstrated by: 

(1) The determination of its melting point and mixed melting point with 
pure vanillic acid. 

(2) Comparison of crystalline form and solubilities with those of vanillic 
acid. 

(3) Color reactions. 

(4) Neutralization equivalent. 

(5) Methoxy] determination. 

(6) Micro-combustion. 

The crystalline material obtained by ether extraction as described above 
was obviously impure, being of a dirty grey color and having the odor of 
vanillin. The material was dissolved in hot water and filtered. To the 
filtrate lead acetate solution was added, which in no case caused a precipi- 
tate. Ammonia was then added to the solution and the heavy white pre- 
cipitate which formed was filtered and well washed with distilled water. 
The precipitate while still moist was ground in a mortar with a little water, 
suspended in hot water and decomposed with hydrogen sulfide. (It was 
found that the complete removal of lead from the compound was at times 
difficult and that the conditions best suited for the removal of lead were large 
volumes of water and precipitation while hot. In some cases it was found 
necessary to treat more than once with hydrogen sulfide.) The solution 
was boiled to expel the excess of hydrogen sulfide, filtered and concentrated 
on the water bath until crystallization began. The solution was brought to 
boiling to dissolve all of the crystals which had formed, and the dish con- 
taining the hot solution was then chilled and the solution stirred vigorously 


? The composition of this solution was: 
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in order to cause rapid crystallization. The crystals which formed were 
filtered by suction, taken up in hot water, decolorized with a little pure 
carbon black, filtered and recrystallized as before. The crystals obtained 
were masses of long white silky needles which gathered together in clusters. 

These crystals were identical in appearance with crystals of vanillic acid 
purified by passing through the lead salt and crystallized in the manner 
described. 

When the vanillin decomposition product was heated it had a strong odor 
of vanillin, which is characteristic of vanillic acid. When the decomposition 
product was heated above its melting point it sublimed in long prisms which 
were identical in crystalline form with the crystals obtained on subliming 
pure vanillic acid. 

The vanillin decomposition product and pure vanillic acid gave the same 
color reactions. No color was produced on the addition of a dilute solution 
of ferric chloride to the dilute solutions tested; on treating a dilute solution 
of each with a dilute solution of acid mercuric nitrate and heating, a faint 
pink color was produced in each, and with further application of heat this 
color faded and a grey precipitate was formed; on treating the dilute solutions 
with Folin’s phosphotungstic phosphomolybdic reagent and then adding 
sodium carbonate solution in excess, the same shade of blue color developed. 

A study of the melting points of the vanillin decomposition product and 
of vanillic acid showed that the former melted at 210.5-211° (corr.). Vanillic 
acid melted at 210.5—211°(corr.) and a mixture of the two preparations melted 
at 210.5°. Tiemann (13) who first prepared vanillic acid found that it melted 
at 211-212° (uncorr.) and Tiemann and Reimer (16) found that vanillic acid 
purified by passing through the lead salt melted at 211-212° (uncorr.). Later 
Tiemann (15) states that the melting point is 207° and not 211° as previously 
reported. Perkin and Martin (9) found the melting point of vanillic acid 
to be 205-206°. The melting points given by the text books on organic 
chemistry are apparently taken from the later determinations. 

In taking our melting points we used an apparatus provided with a stir- 
ring device similar to that described by Menge (7) . We used 6-inch An- 
schutz thermometers standardized by the U. S. Bureau of Standards, no 
stem correction being necessary. Both the crystals of the decomposition 
product and those of pure vanillic acid melted with slight coloration. 

A study of the neutralization equivalent of the vanillin decomposition 
product and of pure vanillic acid was made. Ostwald (8) has studied the 
dissociation constant for vanillic acid and gives K = 0.00298. The indicator 
to be used in this case was found to be methy] red, titrating to the full yellow 
color, although both brom-cresol-purple and phenolphthalein were also 
tried. The neutralization equivalent determined by the use of indicators 
was: 
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BROM- 
CRESOL /|METHYL RED 
PURPLE 


ieee 151.2 163.9 168.7 
Vanillin decomposition product................-..-.0005 161.3 171.4 


The theory for the neutralization equivalent of vanillic acid, CsHsO, is 168. 
All of the titrations were made with the use of direct color comparisons. 

A determination of the methoxyl group in both the vanillin decomposition 
product and in pure vanillic acid was made by the method of Zeisel (18), 
the apparatus described by Benedikt and Griissner (1) being used. The 
results were as follows: 


per cent per cent 


Combustions were made on the vanillin decomposition product and pure 
vanillic acid by the micro-combustion method developed by Wise* (17). An 
examination of the vanillin decomposition product used for combustion showed 
that it contained a very small amount of lead. The lead was determined 
by oxidizing the organic matter with a mixture of sulfuric and nitric acids 
and weighing the lead as lead sulfate. The results of the combustion of the 
vanillin decomposition product are given below as found and as corrected 
for the lead present. No lead could be found in the purified vanillic acid 
used. 


COMPOUND CARBON HYDROGEN 

per cent per cent 
56.15 4.88 
Vanillin decomposition product........ 55.20 4.70 
Vanillin decomposition product corrected.................... 56.66 , 4.83 


From the analytical data given above the vanillin decomposition prod- 
uct was identified as vanillic acid. 


* The authors desire to express their thanks to Dr. Wise for his kindness in making these 
combustions for them. 
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THE FORMATION AND DESTRUCTION OF VANILLIC ACID 


In solution cultures containing nutrient mineral salts and vanillin and 
inoculated with the bacterium referred to above the vanillin is oxidized to 
vanillic acid, which accumulates in considerable amount in the solution and 
is then destroyed. These facts were developed in attempts to explain the 
results which were obtained in using the phenol reagent to determine the 
vanillin content of solution cultures which had been inoculated with the 
vanillin-destroying bacterium. When the vanillin content of mineral nutrient 
solution cultures which had been inoculated with the vanillin-destroying 
bacterium was determined by the phenol reagent it was found that the vanillin 
content apparently rose enormously in the early stages of digestion but later 
decreased to zero. When the Estes reagent was used for making the 
determination the vanillin content showed no such apparent increase but 
uniformly decreased to the zero point. 

The details of an experiment‘ will illustrate these statements. 

A number of cultures were prepared containing 40 cc. of mineral nutrient 
solution® in a 150-cc. Erlenmeyer flask. The reaction of the solution was 
made —2, Fuller’s scale, with NaOH. The flasks were sterilized at 15 
pounds pressure for 15 minutes and after sterilization 10 cc. of a sterile solu- 
tion of commercial vanillin were added to each flask. All flasks, save some 
checks, were inoculated with three drops of a suspension of a pure culture 
of the vanillin-destroying bacterium. Two cultures and a check flask were 
analyzed daily with both the acid nitrate of mercury and the phenol reagent. 

In making the color determinations with the Estes reagent 1 cc. of the 
reagent was added to 5 cc. of the culture solution. The mixture was diluted 
with water and boiled for 5 minutes on a hot plate. The solution was then 
filtered and made up to 50 cc. with distilled water. The color developed in 
a similar way by 5 cc. of a solution of 200 parts per million of vanillin was 
used as a standard. The phenol reagent was used as described by Folin 
and Denis with the clarification by means of lead acetate omitted. No 
considerable degree of accuracy is claimed for these determinations, as no 
attempt was made to vary the concentration of the standard with the variation 
in the apparent amount of vanillin present in the cultures. In the temporary 
absence of a colorimeter the comparisons were made with colorimeter tubes 
of equal diameter. 

The results are presented in table 1 and figure 1. In the first column 
of the table the time in days from the day of inoculation is given. The 


‘ The assistance of A. B. Massey in performing this experiment is acknowledged. 
5 The mineral composition of this solution was: 
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figures in the second column are the vanillin contents in parts per million as 
determined by the Estes reagent. Column 3 represents the values obtained 
with the phenol reagent expressed in parts per million of vanillin. In the 
figure the time in days is given on the abscissa and the vanillin content of 
the cultures in parts per million as determined by the Estes reagent and by 
the phenol reagent on the ordinate. 

From the data in table 1 and the curves in figure 1 it can be noted that 
the vanillin as determined by the Estes reagent uniformly decreased, sharply 
at first, more slowly later, until no vanillin was found on the eighth day 
from the day of inoculation. Using the phenol reagent to determine the 
vanillin, however, the vanillin content rapidly increased until on the third 


TABLE 1 
Data showing formation and destruction of vanillic acid 


VALUES WITH 
TIME FROM INOCULATION 

OF MERCURY a5 p.P.M.OF VANILLIN 
p.p.m. p.p.m. 


day apparently almost twice as much vanillin was present as was originally 
added to the solutions. From that point the vanillin decreased until by the 
ninth day it was practically exhausted. 

An examination of the color produced by vanillin and vanillic acid with 
Estes’ reagent and by vanillin and vanillic acid with the phenol reagent 
explained the anomalous results secured with the phenol reagent. 

Pure vanillic acid was prepared by the method already described and pure 
vanillin was prepared by the following method: 

Commercial vanillin was dissolved in ether and the ether extract was shaken 
out with a freshly prepared sodium bisulfite solution. The sodium bisulfite 
solution was then acidified with dilute sulfuric acid and as much as possible 
of the sulfur dioxide was removed by violent shaking of the flask. The acidi- 
fied solution was then shaken out with ether which had been previously 
purified from other aldehydes by shaking with a little saturated sodium 
bisulfite solution. The ether solution was concentrated until all of the ether 
had evaporated and the molten mass of vanillin was dissolved in boiling water. 
The solution was filtered while hot and the vanillin crystallized by placing 
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the beaker in chipped ice. The crystals were filtered off in a Buchner funnel 
and recrystallized twice more. The pure vanillin was then dried on a porous 
plate in a desiccator over calcium chloride. It was found to melt at 80.5-81° 
(corr.). 

Experiments with Estes’ reagent. When a solution of vanillin was heated 
with Estes’ reagent a clear pink-colored solution resulted. Vanillic acid, 
however, first produced a pink color which on further heating faded and in 
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its place an easily filtered gray or black precipitate was formed. The amount 
of pink color remaining in the vanillic acid solution depended on the amount 
of heating. The color produced by heating 10 cc. of 100 parts per million 
of vanillic acid and 1.5 cc. of Estes’ reagent on the steam bath for 20 minutes 
was about 3 per cent of that produced by the same concentration of vanillin. 
When the solutions were boiled for five minutes on a hot plate and allowed 
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to cool the color produced by the vanillic acid was too weak to be read by the 
Schreiner colorimeter. : 

Experiments with Folin’s reagent. With Folin’s reagent both vanillin and 
vanillic acid were found to produce a deep blue color, thecolor produced by the 
vanillic acid being of a slightly different shade of blue and considerably deeper. 
Thus 5 cc. of 200 parts per million of vanillin were treated with 5 cc. of the 
phenol reagent, allowed to stand 10 minutes, and made up to 50 cc. with 
saturated sodium carbonate solution. After standing 15 minutes the solu- 
tion was filtered and made up to 100 cc. with distilled water. . Comparison 
in a Schreiner colorimeter of the color produced with that developed in a 
solution of vanillic acid of 200 parts per million treated in the same way 
showed that the color produced by the vanillic acid was about 1.8 times as 
strong as that developed by the vanillin. Using solutions of 100 parts per 
million, a factor of about 1.5 was obtained. 

Determinations of vanillin and vanillic acid in mixtures. Since vanillin and 
vanillic acid both produced a blue color with the phenol reagent and vanillin 
alone reacts with the Estes reagent to any considerable extent it was thought 
that a method could be evolved for determining vanillin and vanillic acid 
in mixtures by using the two reagents. The method proposed consisted in 
making a determination colorimetrically of the solution containing vanillin 
and vanillic acid, first with the acid nitrate of mercury reagent described by 
Estes, using a suitable solution of vanillin as a standard; and, second, with 
the phenol reagent described by Folin and Denis, using a suitable solution of 
vanillin as a standard. The results with the Estes reagent should give the 
quantity of vanillin present. The difference between the results obtained 
with the Folin’s reagent and those obtained with the Estes reagent divided 
by a suitable factor should equal the vanillic acid. 

It was found that by using a standard of 100 parts per million vanillin could 
be determined by the Estes method in concentrations of 25 to 400 parts per 
million in the presence of from 50 to 800 parts per million of vanillic acid. 
On the other hand, vanillic acid could not be accurately estimated within 
such a wide range of concentration. With a strong concentration of vanillin, 
250 to 400 parts per million, and a weak concentration of vanillic acid, 25 to 
50 parts per million, the results with the phenol reagent were far too low. 
With other mixtures the factor necessary was found to vary from about 0.7 
to about 2.0. Thus with a standard of 200 parts per million of vanillin a 
mixture containing 175 parts per million of vanillin and 100 parts per million 
of vanillic acid gave a result of 296 parts per million with the phenol reagent. 
Since the mixture contained 175 parts per million of vanillin, 121 parts per 
million of the result were due to the vanillic acid. Dividing this by the 
actual amount of vanillic acid present, the factor of 1.21 was obtained. In 
a mixture of 25 parts per million of vanillin and 200 parts per million of 
vanillic acid the factor was 1.91. With a standard of 100 parts per million 
the factor found for a mixture of 300 parts per million of vanillin and 100 
parts per million of vanillic acid was 0.76. 
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The results, therefore, indicated that without a further and more complete 
study vanillic acid could not be accurately determined quantitatively by the 
method proposed in mixtures of vanillin and vanillic acid. 

Sufficient information was secured, however, to permit an interpretation. 
of the results obtained in the bacteriological experiment mentioned above. 
The results with the Estes reagent in column 2 of table 1 indicate the amount 
of vanillin present. The apparent increase in the amount of vanillin present 
as determined by the phenol reagent is due to the formation of vanillic acid. 
Since the vanillic acid formed produces more color with the phenol reagent 
than the vanillin which it replaced, the color developed was greater than 
that produced by the original amount of vanillin. The decrease in the amount 
of vanillin as determined by the phenol reagent which occurred after the 
third or fourth day is evidently due to the fact that the vanillin had been 
oxidized for the most part to vanillic acid, and due to its destruction the 
amount of vanillic acid present had begun to decrease. In other words, in 
the early stages of digestion vanillic acid accumulated in the culture solution, 
the vanillin being oxidized more rapidly than the vanillic acid was destroyed, 
and the accumulated vanillic acid was then destroyed. 

A rough approximation from the data in table 1 can be made of the amount 
of vanillic acid present on the third day. In a mixture of 50 parts per million 
of vanillin and 225 parts per million of vanillic acid the color developed with 
the phenol reagent compared with that developed by a standard of 200 parts 
per million of vanillin was 400 parts per million. Since there were present 50 
parts per million of vanillin, the vanillic acid evidently produced 350 parts 
per million of the color. Dividing this figure by the amount of vanillic acid 
present gives us the factor of 1.55. On the third day from the day of inocu- 
lation 56 parts per million of vanillin were found by the Estes reagent to be 
present in the culture solution. With the phenol reagent the figure was 504 
parts per million. Subtracting from this figure the value found with the 
Estes reagent and dividing by the above factor, we have a value for the 
vanillic acid of 288 parts per million. This figure is greater by some 70 
parts per million than is possible from the amount of vanillin which had 
disappeared from the culture solution. This is probably due to inaccuracies 
in the original determination and to the fact that the factor used was 
determined for a mixture which only approximated the proportions of vanillin 
and vanillic acid actually present in the culture solution. The results 
indicate, however, that little of the vanillic acid formed had been destroyed 
by the third day. 

What products in addition to vanillic acid are formed by the action of the 
bacteria studied on vanillin it is impossible to state at present. The fact that 
a sterile solution of vanillin and mineral nutrient salts inoculated with a pure 
culture of the vanillin-destroying bacteria will eventually give no test with the 
phenol reagent of Folin and Denis indicates that the final products of the action 
of this organism on vanillin probably no longer possess a phenolic nature. 
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That the final products are not toxic to wheat has been demonstrated in 
an earlier publication (11). 

From the chemical standpoint the oxidation of vanillin to vanillic acid by 
microorganisms is most interesting. Tiemann (13) attempted to prepare va- 
nillic acid from vanillin by oxidizing the latter with many oxidizing reagents 
but all of these attempts were unsuccessful since he either was not able to 
change the vanillin at all or the oxidation proceeded too far with the formation 
of resinous bodies. Tiemann (14) observed, however, that if vanillin were al- 
lowed to stand in moist condition in contact with the air, it was slowly oxidized 
to vanillic acid. Preusse (10) observed that on feeding vanillin to dogs vanil- 
lic acid in small amount was excreted in the urine. He attempted to oxidize 
vanillin to guaiacol by pancreatic digestion but failed. Kotake (6) fed vanil- 
lin to dogs and found that it was oxidized to vanillic acid and excreted in the 
urine in the form of the paired glycuronic vanillate which he separated in the 
form of the barium salt. Harder (5) observed that a standard solution of 
vanillin in water on standing for some time gave inaccurate results with 
the phenol reagent, probably due to the formation of vanillic acid, and he 
suggested a standard prepared in approximately 20 per cent alcohol. 

The demonstration that the destruction of vanillin is a biological oxidative 
process is of importance from the standpoint of soil fertility’ because it indi- 
cates that the elimination of this compound in the soil is influenced by the 
factors which affect the supply of oxygen to the soil. 


SUMMARY 


1. Vanillic acid was isolated from solution cultures containing nutrient min- 
eral salts and vanillin, and inoculated with a pure culture of a soil bacterium. 

2. The melting point of vanillic acid is 210.5-211°C. (corr.). 

3. Both vanillin and vanillic acid produce a blue color with the phenol rea- 
gent of Folin and Denis. Vanillic acid gives only a faint color with Estes’ 
acid nitrate of mercury. 

4. In solution cultures containing mineral nutrient salts and vanillin and 
inoculated with a pure culture of the vanillin-destroying bacteria, isolated 
from the soil, the vanillin is oxidized to vanillic acid. The vanillic acid at 
first accumulates in the culture medium but is later destroyed. 


® We have found by the use of Estes’ acid nitrate of mercury and the phenol reagent that 
vanillin is oxidized to vanillic acid in the soil as well as in solution cultures. 
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THE ELECTROMETRIC TITRATION OF PLANT JUICES! 


A. 
From the Department of Soils and Agricultural Bacteriology, University of Wisconsin® 
Received for publication August 19, 1919 


The reaction of plant protoplasm is of fundamental importance in studies 
upon plant metabolism (1, 3, 8). Although life processes are affected pri- 
marily by the actual acidity’ of the protoplasm; nevertheless, the total acidity 
may become of importance in various ways. 

The actual acidity of plant juices may be determined by means of elec- 
trometric or colorimetric methods (2, 7, 9). The total acidity is usually 
determined by titration with standard alkali, using an indicator like phenol- 
phthalein or litmus. This has yielded important data regarding the metabolism 
of succulent plants (4, 5). However, it has been observed that in some cases 
the natural coloring matter in plant juices makes the use of indicators difficult 
and the results doubtful. 

In this work the desirability of having a method which is not dependent 
on indicators is clearly evident. It is important also to know not only the 
actual acidity of the extracted (6) juice, but also the actual acidity after any 
addition of alkali, together with the value for the total acidity corresponding 
to this actual acidity. Fortunately, such a method is available, but ap- 
parently has not been employed by investigators working upon plant juices. 
The method is that of the gas-chain, essentially of the form described by 
Hildebrand (8). 

An inexpensive and simplified gas-chain of this type was set up. A 
capillary electrometer, with an improvised horizontal microscope, served as a 
zero instrument. A Weston voltmeter, reading directly to 0.01 volt and 
capable of being estimated to 0.001 volt, was used to measure the electro- 
motive force. Several dry cells arranged in parallel and attached to a 
Wheatstone slidewire bridge, furnished the voltage required. The calomel 
cell and the electrode employed were similar to those described by Bovie (8), 
except that a narrow sheet of platinum was used as the electrode instead of 
a platinum wire. Hydrogen was obtained from a Kipp generator containing 
arsenic-free zinc and C.P. hydrochloric acid. The hydrogen was purified by 


1 A preliminary paper on a phase of the study of the relation of soil acidity to plants and 
bacteria. 

? Published with the permission of the Director of the Wisconsin Agricultural Experiment 
Station. 

3 By actual acidity is meant the quantity of dissociated acids present; whereas, the total 
acidity includes both the dissociated and the undissociated acids. 
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passing it through wash bottles containing successively potassium perman- 
ganate, alkaline pyrogallol (2 bottles), and alkali. The last wash-bottle was 
used primarily to observe and regulate the rate of flow of hydrogen. By 
attaching a pressure bottle to the top of the Kipp generator it was possible 
to secure a uniform flow of hydrogen. 

The titration vessel consisted of a glass test tube (about 3 by 10 cm.) fitted 
with a }-inch thick rubber stopper. The calomel electrode and titration 
vessel were placed in an electrically heated water bath regulated at 25°C. 
The capillary connecting tube, containing KCl, and the electrode, were in- 
serted through holes in the stopper. Two other holes were also cut in the 
rubber stopper—one for insertion of the burette tip (which should be long 
enough to extend to within about 1 inch of the surface of the plant juice), 
and the other a small opening for the exit of gas. Ordinarily a Bunsen valve 
can be used for the exit of gas, but frequently the frothing of the plant juice 
required the use of a glass tube blown out at one end into a small bulb 
punctured with fine holes. These holes can be made readily by means of a 
hot platinum wire. This tube was inserted through the rubber stopper, 
leaving the bulb in the upper portion of the titration vessel. By carefully 
regulating the flow of hydrogen, losses by frothing do not occur. The results 
obtained with the apparatus just described were frequently compared with 
those obtained with another gas chain in this laboratory operated by C. B. 
Clevenger. This was equipped with a Leeds and Northrup potentiometer, 
a sensitive galvanometer and electrolytically prepared hydrogen. Determi- 
nations of actual acidity, when carried out on both pieces of apparatus, were 
seldom more than 0.05 Px apart and frequently differed by only 0.01 Pu. The 
voltmeter apparatus, as described, was found so simple, accurate and extremely 
rapid, that it was chosen for the titrations of the plant juices. 

The juice of the plants was usually secured as follows: The tissues were 
thoroughly macerated and placed on a clean linen cloth; the juice was then 
expressed by turning the ends of the cloth in opposite directions. 

Maceration by the above method was more desirable than with a mortar 
and pestle. The linen cloth was more convenient than a Witt laboratory 
press for expressing the juice. The cloth was thoroughly washed with pure 
water after each use. In the case of many plants it was found impossible to 
secure colorless solutions even by filtering, which was consequently omitted. 
The juice was usually centrifuged for 10 minutes to remove coarse suspended 
material. On standing, the acidity of some plant juices changed slightly 
and hence in some cases centrifuging was omitted in order to expedite the 
titration. 

By means of a pipette a measured quantity of the juice was than trans- 
ferred to the titration tube. The calomel cell connections were made and 
the electrode was then placed in the titration tube. It was found advan- 
tageous to have the electrode tube permanently held at the desired height in 
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the stopper of the titration tube. The hydrogen was then bubbled through 
the plant juices, and the actual acidity Pu, was determined in the usual 
manner. The burette tip was then inserted through the rubber stopperand 
a measured quantity of alkali added. After thoroughly mixing the solution 
by means of the bubbling hydrogen, a second reading of the actual acidity 
Pu was made. It was found that considerable time could be saved by 
bubbling hydrogen at first quite rapidly through the solution for a few moments 
and then very slowly; so that the bubbling of the gas was scarcely perceptible. 
Equilibrium was then rapidly attained. Successive additions of alkali were 
similarly made and the actual acidity Pu corresponding to each new equi- 
librium was obtained. 

As examples of such determinations ‘ the data for soybeans and rhubarb 
are given. Medium yellow soybeans were planted April 17 in yellow sand 
to which had been added CaCOs, (NH4)2SOs, KH2PO,, Fes(POs)2, MgSOu, and 
nodule-bacteria. The tops of the plants were cut May 28, the juice was 
extracted and centrifuged for 15 minutes and finally 10 cc. of the juice was 
run into the titration tube. The data obtained are as follows: 


ACTUAL ACIDITY 0.0684 NaOH appEep 
Py 
5.85 0 
6.04 1.0 
6.28 2.0 
6.49 3.0 
6.70 4.0 
6.88 9.0 
7.05 6.0 
7.29 7.0 
8.0 
8.05 9.0 
8.22 10.0 
8.54 11.0 
8.82 12.0 
9.20 13.0 


A rhubarb stalk (with leafblade removed) was taken directly from the 
field and the juice extracted and centrifuged for 10 minutes. The values 
obtained when 8 cc. of juice was used, are as follows: 


4 These examples in which soybean tops are compared with rhubarb stalks are not in- 
tended for critical comparison; since the writer has found, as will be indicated in subsequent 
papers, that the acidity of the leaves, stems and roots of the same plant may differ quite 
markedly in their actual and total acidities. 
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ff Curves are given in figure 1, showing the actual acidity Px against the 
cubic centimeters of standard alkali added. 
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Fre. 1. Curves SHOWING THE RELATION OF ACTUAL AcmpITy Px WITH THE AMOUNT OF 
STANDARD ALKALI ADDED, FOR THE SOYBEAN AND RHUBARB 


& It is evident that if the Px values at which indicators change color are 
known, it is possible to tell from the curves the quantity of alkali required 
to bring the plant juice to the turning point for any indicator. For example, 
in the curve for soybean tops, since the turning point of litmus is at Pu 6.83, 
it is evident that 4.9 cc. of 0.0684 n NaOH must be added to the 10 cc. of 
juice to reach the turning point for litmus. If we choose phenolphthalein as 
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the indicator (with its color change at Pu 8.3) it is seen from the curve that 
10.3 cc. of 0.0684 n NaOH are required in order to bring the 10 cc. of juice 
to the turning point of phenolphthalein. By reducing the quantity of alkali 
added each time, it is possible to define the curves more accurately. It is 
obvious that the curves show the presence of greater quantities of buffer 
substances in the juice of the rhubarb than in the juice of soybean tops. 
The actual acidity of rhubarb juice is seen to be much greater than that of 
soybean tops. The curve for rhubarb rises very gradually at first, but 
once the buffer substances have been used up, the curve becomes quite abrupt. 

Obviously, by titrating with acid instead of alkali, it is possible to prolong 
the lower ends of the curves. These methods of attack open a fertile field 
of study. It includes the determination of the buffer processes, the acid and 
the alkali reserve and the actual and total acidities of plant juices. Further- 
more, the method makes possible a study of some of the relations of the 
nutrients in the soil upon the actual and total acidities of plant juices and the 
relations of the symbiotic bacteria to these. 

Detailed studies of these and other phases of the reaction of plant juices are 
in progress. 
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For Switzerland: Georg & Cie, Freiestrasse 10, Basel, Switzerland. Subscription price, per 
year (Vols. VII and VIII), $6.50 net, postpaid. 


For United States and other countries except as above: Williams and Wilkins Company, 
Mount Royal and Guilford Avenues, Baltimore, U.S.A. Subscription price, per year (Vols. VII and 
VIII), United States and dependencies, $6.00 net, postpaid; Canada, $6.25 net, postpaid; foreign 
countries, $6.50 net, postpaid. 


No claims for copies lost in the mails will be allowed unless such claims are received within 30 days 
(domestic), and 60 days, (foreign), of the date of issue. Claimants must state that the publication 
was not delivered at their recorded address. The publishers will not be responsible for loss due to 
chenge of address unless notification is received at least one week in advance of issue. 
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New Facts on 


Greenhouse 
Vegetable 


Growing 
facts were prepared with 


particular consideration for the 

~~ man who wants the basic money 


making facts about under-glass 
vegetable growing. 
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@ Contains growing information by 
Chas. Seabrook, Carl Weiant, and 

C such leaders. Send for a copy. 


It’s free. 


Jord, Furnham@. 
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DIRECTORY OF FERTILIZER MANUFACTURERS AND DEALERS 


The American Agricultural Chemical Co. 
2 RECTOR STREET 


Cable Address: Agrichem New York City 


Steacy & Wilton Company 
Manufacturers of 
“Sterling” Brand Hydrated Lime 


WRIGHTSVILLE PENNA. 


BAUGH & SONS CO. 


Manufacturers and Importers 


Philadelphia, Pa. 


Office: 20 South Delaware Ave. 
Works: Foot of Morris St. 


SWIFT & COMPANY 
Producers of 
BLOOD—BONE—TANKAGE 
Manufacturers of 
HIGH-GRADE FERTILIZERS 
Harrison Station NEWARK, N. J. 


HAFLEIGH & COMPANY 


Manufacturers of 


BONE PRODUCTS 


American, Somerset, Philip and Cambria Sts. 
PHILADELPHIA, PA. 


Virginia-Carolina Chemical Co. 
Manufacturers cf 
FERTILIZERS 
Eastern Sales Office 


Equitable Building 
NEW YORK CITY 


120 Broadway 


International Agricultural Corporation 


General Offices, 61 Broadway 
NEW YORK 


Southern Department 


Hurt Bldg. Atlanta, Ga. 


CHARLES WARNER COMPANY 
anufacturers of Warner’s 


(Pure “Cedar Hollow” Hydrated Lime) 
ALSO FINELY PULVERIZED LIMESTONE 
Wilm’n, Del. Philada., Pa. N.Y. City 


LISTERS AGRI. CHEM. WORKS 


NEWARK, N. J. 


FERTILIZERS 


Affiliated with The American A. C. Co. 


N. J. Fertilizer & Chemical Co. 


Works 
Croxton, Jersey City, N. J. 
Office 


136 Water St. New York City 


The Phosphate Mining Company 
Manufacturers of 
Acid Phosphate 


124 Bay St., East Savannah, Georgia 


RASIN - MONUMENTAL CO. 


Subsidiery of the 
VIRGINIA-CAROLINA CHEMICAL CO. 


Manufacturers of 


Fertilizers and Sulphuric Acid 
BALTIMORE MARYLAND 


For Advertising Rates 


Apply to 


Williams & Wilkins Company 


Publishers 


Baltimore 
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Ice Machines 


for 


Dairies 


BRUNSWICK 
REFRIGERATING 
COMPANY 


Dept. G. 
NEW BRUNSWICK, N. J. 


INSURE YOUR SEED WITH 


The improved Soil Inoculator, Nobbe-Hiltner Process 


NITRAGIN 


TRADE MARK REC O DEC 6 189 


Restores and Maintains Soil Fertility 


“NITRAGIN” is grown from original 
Hiltner cultures—bacteria with the greatest 
possible nitrogen-gathering power. 

It is sold in a modern scientific form— 
the granular medium in the ventilated can. 
The bacteria are therefore of high virility 
at seeding time. 

“NITRAGIN” is sold by seed dealers 
generally. If your dealer cannot supply 


you, order direct from 
The ‘‘NITRAGIN’”’ Co., Waterloo, Iowa 
Write for free booklet 


Increases 
the 
Yield 


COMMERCIAL 
FERTILIZER 


Official Organ of the Southern Fertilizer 
Association 


The authorized and universally circulat- 
ed spokesman of" the fertilizer industry 
in the section of the United States which 
consumes more than 80 per cent of all 
“complete” fertilizers. 

A monthly journal devoted exclusively to the 
interests of the Fertilizer Manufacturers and 
Allied Industries. Articles pertaining to the 
scientific development of Agriculture—The pro- 
duction and use of fertilizers and all other 
means, devices, inventions and discoveries, the 
aim being to improve and facilitate the increase 
of soil production, are given principal consider- 
ation. 

Subscription $1.00 per Annum 
We solicit yours 


WALTER W. BROWN, Publisher 


623-25-26 HURT BUILDING :: ATLANTA, GA. 


The 
Journal of Immunology 


Official Organ of the Society 
for Serology and Hematol- 
ogy and the American Asso- 
ciation of Immunologists. 


ARTHUR F. COCA, Editor 


The Journal is of interest 
from the practical and theo- 
retical standpoints. 

Five dollars a volune— 
United States and Canada. 
Five dollars and fifty cents 
elsewhere. 


Order from 


Williams & Wilkins Co. 
Baltimore, U.S. A. 
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Of Interest to Authors and Editors 
A Plea for Codperation 


To effect greater economy in production costs and production time contributors are re- 
spectfully ae to observe the following rules when preparing manuscript for publication in 
this journal. 


Copy. All copy should be typewritten upon white paper, 83 x 11 inches. It should be 
typewritten upon one side only and sent to publishers flat, not rolled or folded. 

Composition of matter in different sizes of type is done on different machines. Therefore, 
footnotes, reference lists, tables, quotations, and all other matter that is to be set in different 
type from that of the text, should be typewritten upon separate sheets. 


Quotations. Quotations of four full lines or more are set in smaller type than the text 
proper; quotation marks are to be omitted. ; 
Each individual quotation should be typewritten upon a separate sheet of paper. 


Footnotes. While there are exceptions, as a rule, footnotes are not desirable. Descrip- 
tive or explanatory matter can almost invariably be incorporated in the text. Bibliographical 
references should be placed at the end of the paper under the heading of ‘‘References.”’ 

Where footnotes cannot be avoided, they should be numbered consecutively for each 
paper, typewritten collectively, and placed at end of manuscript. They will be placed upon 
proper type pages when the article is paged. 


References. References arenumbered consecutively in the order of their appearance in 
the text and are printed at the end of the article under the heading of ‘‘References.’’ Text 
references to this list are indicated by numerals in parentheses instead of the superior figures 
used for footnotes. 

The system of abbreviations adopted is that employed in the ‘‘Index-Catalogue of the 
Surgeon-General’s Library,’’ and the style adopted by the American Medical Association. 

The author’s initials are important, but not his titles or degrees. Therefore, be sure to 
supply the former and omit the latter. , 

References should be typewritten upon separate sheets of paper. 


Abbreviations. Obscure and misleading abbreviations should be avoided. 

As the metric system is of universal usage by research workers, it is desired that such 
abbreviations as ‘‘gm.,”’ ‘‘mm.,”’ ‘‘ce.,”’ ‘‘mgm.,’’ ‘‘kgm.,’’ etc., be used in all cases when pre- 
ceded by a numeral; e.g., ‘10 mm.,”’ ‘5.05 ec.’’ They should be spelled in full when not pre- 
ceded by a numeral. 

The symbol of percentage (%) is not to be used, but to be spelled as “‘per cent.” 


Tables. All tables of two or more columns are ruled. Care should be taken that as few 
cross rules as possible are used. Such rules add greatly to the cost of composition and in most 
instances a blank space will answer the same purpose. 

Tables should be numbered with Arabic numerals in consecutive order from 1 up. 

Each individual table should be typewritten upon a separate sheet of paper. 


Illustrations. Figures should be numbered consecutively in the order in which they are 
to appear in the text. 

Explanation and legends of figures are a part of the text and should be typewritten upon 
separate sheets of paper and not upon the illustrations. 

Usually unmounted and untrimmed prints are preferred, but when a composition illus- 
tration is employed the prints should be pasted upon heavv cardboard and dried under pres- 
sure to prevent wrinkling. 

The important feature of a photograph often occupies a few square inches in the center. 
If this part is indicated by light pencil marks. much expense can be saved by avoiding the re- 
production of unessential backgrounds. 


General. Alterations are expensive. Ina fewinstances they are necessary, but where 
an author uses the proof sheets to put finishing touches upon an article, it is only reasonable 
that he should pay for the alterations. 

From the receipt of copy by the editor to the time of actual printing, the slightest error 
or lack of clarity in copy is likely to cause delay and useless expense. Authors are, therefore, 
eer urged to read and revise all manuscripts with the utmost care before sending same to 

e editor. 

To aid authors in the proper preparation of manuscript we have prepared two pamphlets, 

“How to Prepare a Paper for Publication,’ and ‘‘A Brief Technical Talk.’’ Both will be 


gladly sent free of charge upon request. 
WILLIAMS & WILKINS COMPANY. 
BALTIMORE, U. S. A. 
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NOW READY FOR. DISTRIBUTION 
CATALOG A 


APPARATUS 


AGRICULTURE 


MANUFACTURED AND SOLD BY THE 


CENTRAL SCIENTIFIC COMPANY 


CHICAGO,U.S.A. 


**At the head of all the sciences and arts, at the head of civilization 
and progress, stands—not militarism, the science that kills, not 
commerce, the art that accumulates wealth—but AGRICULTURE, the 
mother of all industry, and the maintainer of human life.”"—Garfield. 
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The Barrett Company 


Commercial | Arcadian 
Sulphate of Ammonia Sulphate of Ammonia 


Sulphate of Ammonia is the most important carrier of 
nitrogen in American agriculture. The possibilities of its use 
in mixed fertilizers and as a nitrogenous top dressing are only 
beginning to be realized. The production has doubled in the 
last five years thru new by-product ovens, yet one-half of the 


possible production from the coke now made is wasted every. 


year due to the use of old beehive coke ovens. The by-product 
ovens will replace the beehive ovens as the demand for by- 
products warrant such changes. 


In every state where commercial fertilizers are used, or 
appear likely to be needed, questions as to the best methods 
of using Sulphate of Ammonia in agronomy, olericulture, and 
horticulture, will be asked. In most cases the best answers 
cannot be given without experiment and investigation. Fre- 
quently tests extending over a term of years are deemed 
advisable. The sooner such work is put under way, the sooner 
helpful local data will be available. There are also many 
problems lying more in the region of research that require 
solution and invite the consideration of agricultural scientists 
and students. 


‘Company 


AMMONIA SALES AGENCY DEPARTMENT 
17 Battery Place, New York 


AGRICULTURAL DEPARTMENT 
New York, N. Y. ; Atlanta, Ga. Baltimore, Md. 
Medina, Ohio Berkeley, Cal. . 
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THE LIFE OF 
~CHILEAN NITRATE DEPOSITS 


Estimated Life of 
Deposits at present 
rate of World’s 
consumption 


Upwards of 
300 
Years 


Total 
Nitrate Deposits Million 
in Chile Tons 


For reliable information write 


DR. WM. S. MYERS 


DIRECTOR 


_ CHILEAN NITRATE COMMITTEE 


25 Madison Ave., New York 
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